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1

VEHICLE DISCHARGE LAMP LIGHTING
CIRCUIT WITH CURRENT-LIMITING DC
IMPEDANCE

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present invention relates to a vehicle discharge lamp
lighting circuit 1n which a DC voltage from a DC power
source 1s 1ncreased to a predetermined DC voltage, the
predetermined DC voltage 1s converted into a square-wave-
shaped AC voltage, and a starting pulse 1s superposed on the
AC voltage to light a vehicle discharge lamp.

2. Description of the Background Art

Previously, 1in a vehicle discharge lamp lighting circuit of
this type, a DC voltage from a DC power source (a battery
on the vehicle) 1s increased to a predetermined DC voltage,
the predetermined DC voltage 1s converted into a square-
wave-shaped AC voltage, and a start pulse 1s superposed on
the AC voltage to light a vehicle discharge lamp. FIG. 3
shows the arrangement of a related vehicle discharge lamp
lighting circuit. In FIG. 3, reference numeral 1 designates a
vehicle battery; 2, a noise filter; 3, a DC-DC converter (or an
up-converter having only a boost function); 4, a DC-AC
inverter; 5, a control circuit; and 7, a discharge lamp (bulb).

In the vehicle discharge lamp lighting circuit, the noise
filter 2 prevents the tlow of noise from the DC-DC converter
side to the vehicle battery side. The DC-DC converter 3
increases a battery voltage V. supplied through the noise
filter to a predetermined DC voltage, which 1s supplied to the
DC-AC 1nverter 4. The boost operation of the DC-DC
converter 3 1s controlled by the control circuit 5. The DC-AC
inverter 4 converts the DC voltage outputted by the DC-DC
converter 1nto a square-wave-shaped AC voltage, which 1s
supplied to a starter circuit 6. The starter circuit 6 operates
to superpose a starting pulse on the AC voltage outputted by
the DC-AC 1nverter 4, to light a discharge lamp 7.

The noise filter 2, the DC-DC converter 3, the DC-AC
imverter 4, and the control circuit § form a ballast circuit 8.
The internal impedances of the ballast circuit 8 and the
starter circuit 6 cause losses to occur. Therefore, 1n order to
increase the ballast efficiency, and to decrease the generation
of heat, the internal impedances of the ballast circuit 8 and
the starter circuit 6 are decreased as much as possible. In
addition, 1n order to decrease the noise (restriking noise)
produced by the discharge lamp, the inductance of the starter
circuit 6 1s decreased as much as possible to increase the
switching of the square waves. The restriking noise 1s caused
because the arc discharge 1s momentarily suspended when,
in the DC-AC 1nverter 4, the bridge switching operation
occurs to 1nvert the direction of flow of current 1 the
discharge lamp 7.

In the vehicle discharge lamp lighting circuit, Vz=20V,
where Vz 1s the lowest lamp voltage of the discharge lamp
7. More specifically, Vz 1s the voltage provided immediately
after the discharge lamp 1s turned on 1n the case where the
discharge lamp 1s turned on within a certain time interval
after 1t was last turned on. A maximum allowable current
IL., . to the discharge lamp 7 1s 2.6 A. If a current larger than
the maximum allowable current IL,__ flows to the discharge
lamp 7, the bulb must be damaged. On the other hand, for
a jump start 1n a cold environment, the battery voltage V.
of the vehicle battery 1 1s sometimes set at 24V by connect-
ing two 12V batteries in series. In this case, the battery
voltage V.. 1s higher than the lowest tube voltage Vz of
the discharge lamp 7, and the boost operation of the DC-DC

convert 3 1s stopped. In this case, the internal 1mpedances of
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2

the ballast circuit 8 and the starter circuit 6 are decreased as
much as possible, and therefore a current over the maximum
allowable current IL___ flows 1n the discharge lamp 7. In
other words, since V,,,+ 1s larger than Vz, the exceeding
voltage 1s also applied to the lighting circuit. That 1s, a
current 1L, which 1s calculated by dividing the exceeding
voltage by sum of the resistances of the enfire lighting
circuit, and 1f the current IL 1s larger than IL___ the bulb is
damaged.

SUMMARY OF THE INVENTION

An object of the invention i1s to overcome the above-
described difficulties. More specifically, an object of the
invention 1s to provide a vehicle discharge lamp lighting
circuit which, even if the battery voltage V. 1s higher
than the lowest bulb voltage Vz of the discharge lamp,
prevents a current larger than the maximum allowable
current 1L, from flowing in the discharge lamp.

The foregoing object has been achieved by providing a
vehicle discharge lamp lighting circuit 1n which the DC
impedance Z in the lighting circuit, except for the discharge
lamp, as viewed from the DC power source satisfies the
following relation:

Z>(Vgarr—V/IL,, ..

Hence, in the case where V,,=24V, Vz=20V, and
IL =2.6 A, the DC impedance Z in the lighting circuit,

except for the discharge lamp, as viewed from the DC power

source is set to 1.54 €2 or higher (Z=(24V-20V)/2.6 A=~1.54

In a preferred embodiment, the DC impedance Z in the
lighting circuit, except for the discharge lamp, as viewed
from the DC power source 1s set to 1.6 £ or higher. Of
course, 1n the case where V,,.-=24V, Vz=20V, and IL. =

2.6 A, when Z is 1.6 £ or higher, the equation Z>(V g7~
Vz)/IL _ _ 1s satisfied.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram, partly as a block diagram,
showing essential circuit elements of a vehicle discharge
lamp lighting circuit according to the invention.

FIG. 2 1s a diagram showing the impedances in the
lighting circuit 1n the case where the boost operation of the
DC-DC converter 1s stopped.

FIG. 3 1s a block diagram showing essential parts of a
related vehicle discharge lamp lighting circuat.

DETAILED DESCRIPTION OF THE
INVENTION

This 1nvention will be described with reference to a
preferred embodiment. FIG. 1 1s a circuit diagram showing
essential parts of a vehicle discharge lamp lighting circuit,
according to the preferred embodiment of the invention. In
FIG. 1, parts corresponding functionally to those already
described with reference to FIG. 3 are therefore designated
by the same reference numerals or characters.

In the embodiment, the noise filter 2 1s made up of an
inductance L1 and capacitors C1 and C2. The DC-DC
converter 3 1s an up-converter having only a boost function,
and comprises an inductance L2, a diode D1, capacitors C3

and C4, an FET Q1, and resistors R1 through R3. The
DC-AC 1nverter 4 comprises FETs Q2 through QS. The

starter circuit 6 includes a trigger circuit 6-1, and a trans-
former T1.

As was described above, the DC-DC converter 1s an
up-converter. Therefore, the current flowing 1n the induc-
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tance L2 flows towards the discharge lamp 7 independently
of the “on” or “off” state of the FET Q1. Hence, the current
flows continuously from the vehicle battery 1. Thus, the
circuit can be excellent in noise performance when com-
pared with a circuit employing a fly-back converter.

In the vehicle discharge lamp lighting circuit, the lowest
lamp voltage Vz of the discharge lamp 1s set to 20V, and the
maximum allowable currentIL, _to the discharge lamp 7 1s
set to 2.6 A. If, 1n this case, the battery voltage V., of the
vehicle battery 1 1s set to 24V, then the battery voltage Vi,
1s higher than the lowest lamp voltage Vz of the discharge
lamp 7, and the boost operation of the DC-DC converter 3
1s stopped. When the boost operation of the DC-DC con-
verter 3 1s stopped 1n the above-described manner, a current
flows 1n the lighting circuit as indicated by the arrow. In this
connection, 1t should be noted that FIG. 1 shows the flow of
current with FETs Q2 and QS in “on” state (rendered
conductive).

In this case, the current flowing 1n the inductance L2 1s a
direct current, and therefore the inductance L2 1s not a coil
but merely a copper wire (copper wire resistance R, ,=DC
impedance). The same thing may be said about the induc-
tance L1 (copper wire resistance R, ;=DC impedance). On
the other hand, the DC-AC inverter provides a 500 Hz
square wave output; however, the output 1s a direct current
with the exception of the square wave components. Hence,
the transformer T1 may be considered as a copper wire
(copper wire resistance R,,=DC impedance. As 1s apparent

from the above description, these parts may be considered as
DC impedances. In the DC-AC inverter 4, the pairs of FETs

Q2 and QS5 and FETs Q3 and Q4 are alternately turned on,
to form square waves. When an FET is turned on (rendered
conductive), it may be considered as a resistor having a very
low resistance (on-resistance R,...).

FIG. 2 shows impedances in the case where, 1 the
lighting circuit, the boost operation of the DC-DC converter
1s stopped, that 1s, V,,>Vz. A current IL which flows 1n
the discharge lamp 7 immediately after the latter 7 1s turned
on 15 as follows:

IL=(Vgir7-V2)/(R; +R; AR p +R g+ R +R e 1+R5), because
Vgarr 1s larger than Vz.

If Z 1s taken as the sum of the resistances R; +R; ,+R,+
R .+R  +R. . +R,, and it Z, ,,,» 1S the resistance of the
lamp 7, then the above equation can be derived as follows:

o Vearr  Vearr  Vparr - IL
L+ Lpanp N Vz 1L+ Vs
IL
Therefore,

Vearr — V7
y

L =

Since Z=R, ,+R;,+R,;+R - +R - +R, .. +R., the above
equation can be rewritten as:

IL=(Vparr—V2)/(Ry 1R o R # R pprt Ry R ppr+R;),

which 1s the same equation above.

In order to inhibit the flow of a current larger than the
maximum allowable current 1L,__=2.6 A, the following
condition should be established:
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4

Lo > IL, then IL . >
(Vearr — V2)/ (Rp; + Ri2 + Rp; + Rpgr + Ryj + Regr + R3),

therefore,
(Kpj+ Rio+ Rpy + Rpgr + Ry + Rppr + R3) >

(VBATT - VZ)/ j’J[fmazv,:

If it 1s assumed that (R, ;+R;,+R,;+R 74+ R - +Rp 7+
R,)=Z, then Z>(V,,—Vz)/IL, . That is, Z>(24V-20V)/
2.6 A. Therefore, Z>1.54 Q2

That 1s, 1n the case where V,,.=24V, Vz=20V, and
IL,, .=2.6 A, 7Z>1.54 € according to the relation Z>(V g 77—
Vz)/IL,, ... In a preferred embodiment, Z is set, for instance,
to 1.6 2. Hence, even 1f V,, 15 set to 24V, a current larger
than the maximum allowable current IL, __ will not flow 1n
the discharge lamp 7.

In the embodiment, Z=(R; ;+R,; ,+R 5 +R 74+ R +R1p 1+
R.). In this case, Z is the DC impedance in the light circuit,
except for the discharge lamp 7, as viewed from the vehicle
battery 1. Hence, if there 1s any other DC component, it
should be included 1n the impedance.

At the application of a surge, the lamp should be turned
off, because the internal electronic components can be
decreased 1n withstanding voltage; that 1s, it results 1n a
reduction 1n total cost.

As 1s apparent from the above description, the DC 1mped-
ance Z 1n the lighting circuit, except for the discharge lamp,
as viewed from the DC power source satisfies the following,
relation: Z>(V,,—Vz)/IL . Hence, in the case where
Vparr=24V, Vz=20V, and 1L, =2.6 A, Z=(24V-20V)/2.6
A=1.54 Q), Z=(24V-20V)/2.6 A=~1.54 Q or higher.
Therefore, even if V,,,-=24V, a current larger than the
maximum allowable current IL., _=2.6 A will not flow 1n the
discharge lamp.

What 1s claimed 1s:

1. A vehicle discharge lamp lighting circuit in which a DC
voltage from a DC power source 1s increased to a predeter-
mined DC voltage, the predetermined DC voltage 1s con-
verted 1nto a square-wave-shaped AC voltage, and a start
pulse 1s superposed on the AC voltage to light a discharge
lamp, wherein

a DC impedance Z 1n said lighting circuit, except for the
discharge lamp, as viewed from the DC power source
satisiies the following relation:

Z}(VBA 7 VZ)/ILFHE_IP
where V., 1s a voltage of the DC power source,

Vz 1s a lowest steady-state lamp voltage of the discharge
lamp after the lamp has been turned on and Vg, 1S
oreater than Vz and,

IL

_ 18 a maximum allowable current to the discharge
lamp.

2. Avehicle discharge lamp lighting circuit in which a DC
voltage from a DC power source 1s increased to a predeter-
mined DC voltage, the predetermined DC voltage 1s con-
verted 1nto a square-wave-shaped AC voltage, and a start
pulse 1s superposed on the AC voltage to light a discharge
lamp, wherein

a DC impedance Z 1n said lighting circuit, except for the
discharge lamp, as viewed from the DC power source
1s at least 1.6 €2.

3. A vehicle discharge lamp lighting circuit as claimed 1n

claim 2, wherein

the voltage V., of the DC power source 1s 24V,
the lowest lamp voltage Vz of the discharge lamp 1s 20V,

and
the maximum allowable current of said discharge lamp
I 15 2.6 A.
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